Assessment of body composition is important in the management of many illnesses as well as in the assessment of nutritional status. Human body composition varies widely from one population to another, as age related patterns of changes in body size and composition differ among populations. The study was conducted in 63 urban children of age 9-12 years from two schools in Ernakulam District, Kerala by purposive sampling method. Interview schedule was used for data collection. Anthropometric parameters of the subjects namely weight, height, body mass index, mid upper arm circumference, waist and hip circumference, waist hip ratio, sum of skin fold thickness were taken. Body composition was computed by two equations namely Mcardle et al and Deurenberg predictive equations. The collected data was analyzed by appropriate statistical analysis. On classifying the subjects according to BMI percentiles it was observed that 17.9 per cent of boys and 8.4 per cent of girls belong to the underweight, 10.3 per cent and 20.8 per cent of boys and girls were overweight respectively. The remaining had a normal BMI. The body fat per cent calculated using Deurenberg Predictive equation (1991) was 16.4 percent in boys and 20.4 percent in girls and by McArdle Predictive equations (1986) was 15.9 percent in boys and 16.8 percent in girls. On studying Pearson's correlation of anthropometric parameters with per cent body fat it was evident that there exists a positive correlation (P<.01) between all the anthropometric parameters and per cent body fat, indicating that there is an increase in the anthropometric dimensions of an individual. On studying, Pearson's correlation between SSFT and anthropometric parameters, it was evident that there exists a positive correlation (P<.01) between all the anthropometric parameters indicating increased subcutaneous fat. On studying the Pearson's correlation of nutrient intake with per cent body fat and fat mass, it was found that there was no significant correlation between these parameters. The findings provide a picture of the correlates of body composition and nutritional status of school going children aged 9-12 years.
Introduction
The school age period has been called the latent period of growth. During this period the rate of growth slows and body changes occur gradually. School age group (5-18years) spans the period between preschool years and adult life [1] .The growth rate slightly slow down and dietary habit is formed and fixed during the school age, which is thus greatly affected by stimuli through school life and peer groups [2] .
Measures of body composition and total body fatness change with growing, developing and ageing. Specific cut off values for children and adolescents have been suggested based on specific health-related criteria. However, defining obesity standards in children and adolescents remains controversial and widely accepted per cent body fat (%BF) criteria have developed. Several studies reported the relationship between adiposity and metabolic risk factors in children and adolescents [3] .
Assessment of body composition is important in the management of many illnesses as well as in the assessment of nutritional status. In certain instances weight gain of an individual may be due to weight gain in one component of the body that is, only in Fat Mass (FM) but not in Fat Free Mass (FFM). Human body composition varies widely from one population to another, as age related patterns of changes in body size and composition differ among population [4] . Assessment of body composition is important since it is known that many disease and disorders are related to abnormal body composition.
Therefore understanding specifically the changes in various body components accurately is important in managing certain illnesses. However, in order to achieve this, the use of sophisticated equipment for the direct measures of body fat, is time consuming, need expensive equipment with trained staff and could be cumbersome to subjects especially children. These methods are not practical to use in low income countries with high population. A rapid non-invasive, less expensive and portable procedure such as anthropometric measurements would be much useful. Height and weight or BMI based equations would be very simple to use. If such techniques could assess body composition with reasonable accuracy, it would be useful for the management of patients in low income countries. Height weight based predictive equations namely Deurenberg predictive equation [5] skin fold thickness based equations by McArdle [6] can be good predictors of body composition.
The present study was thus undertaken with the broad objective of eliciting information regarding correlates of body composition and nutritional status among nine to twelve year old school going children in Kochi.
The specific objectives of the present study include:-
• To assess the nutritional status of school children aged 9-12 years in Kochi.
• To determine the body composition of the selected subjects using Deurenberg and Mcardle predictive equations.
• To assess the correlation between body composition anthropometric indices, biochemical measurements and dietary intake.
Materials and Methods

Selection of Area
Nutritional transition is used to categorise the shift in disease patterns towards nutrition related communicable diseases. This shift in disease patterns is associated with change in behaviour, lifestyles, diet and physical activity. The rapidity of such nutritional transition is clearly visible in emerging nations from Asia [7] . There is evidence of such a rapid nutritional transition amplifying the burden of chronic diseases and obesity in India [8] . The newly rich urban middle and high income population in Cochin City suffer from an emerging problem of obesity due to changing lifestyle and diet. Therefore, Cochin Corporation was selected as the area for the study. The study population included sixty three urban children of the age group 9-12years from two schools in Ernakulam District, Kerala. The subjects were categorized by various grades of nutritional status using BMI -Age /Sex percentiles ( Table 1 ). The two urban schools were selected by purposive sampling. The sub sampling was formed by voluntary presentation for a blood draw in the prescribed age group after dissemination of study information. Children with systemic illness or on medication were not included in the sub sampling. Schedule method was employed for data collection. It is a proforma containing a set of questions and tables, which include both open ended and close ended questions. These include socioeconomic background, dietary habits and 24 hour dietary recall of three consecutive days (two working days and one holiday) of the subjects.
To assess the overall nutritional status of the subjects, anthropometric measurements which include height, weight, waist and hip circumference, MUAC,BMI,WHR were taken. body fat percentage was computed using Deurenberg equation [5] and McArdle et al. [6] 
Body Composition
The assessment of body composition is important in the management of much illness as well as in the assessment of nutritional status.
In the present study, body composition was computed using both the predictive equations namely Deurenberg [5] and McArdle et al [6] .
Body Fat percentage by Deurenberg equation Deurenberg et al [5] studied 1229 subjects between the age range of 7-83 years and determined body composition by densitometry and anthropometry. Based on the results obtained, height, weight based predictive equation were developed to compute body fat. BMI taking age and sex (males-1, females-0) into account was analysed. These predictive equations are used in the present study and are listed as shown below:
McArdle equation using Skin folds measurements McArdle et al [6] studied body fat per cent on healthy boys and girls of 11-20 years, by measuring the skin fold thickness. A Langes calliper was used. Three to five replicate measurements were taken on the right side of the body with subjects standing. The skin fold thickness was measured to the nearest mm.
Thus body composition is measured using sum of skin fold thickness, in the equation formulated by McArdle et al:
Biochemical Assessment
Biochemical assessment deals with the measuring of the level of essential dietary constituents in the body fluids (blood and urine) which is helpful in evaluating the possibility of malnutrition. Biochemical tests were adopted for BP, Insulin, FBS, Lipid profile, ApolipoproteinA1&B, C -reactive protein (CRP).
Dietary Intake
A diet survey provides information about the dietary intake pattern of specific foods consumed and helps to estimate nutrient intakes. Dietary survey constitutes an essential part of complete study of nutritional status of individuals or food habits, nutrient intake, source of nutrients etc.
24 Hour Dietary Recall
24 hour dietary recall method is probably the most widely used method of dietary assessment. In this method, the individual is asked to recall with as much detail as possible, the food intake for the past 24 hours by using a questionnaire. This was adopted for three days namely two working days and one holiday. The respondent recalls what was eaten, how the foods were prepared, when it was eaten and other relevant details related to food intake. For all preparations made for each meal the ingredients used are first listed. The mothers are then asked to give the actual weights of each of the food ingredients used in each preparation. This will give the quantity of total raw food used for the family and the total cooked quantity for each food item was also taken so that individual raw intake was calculated.
Using standardized recipe, standardization of commonly consumed diet were done and using standardized results nutrient composition was calculated. From the 24 hour dietary recall, the nutrient composition of the diet were calculated for three consecutive days, using NIN nutritive values (by ICMR) and USDA values (National Nutrient Database, Release 22, August 11, 2009 ). The nutrient composition of standardized recipes was also used to arrive at the actual nutrient intake of subjects.
Analysis and Interpretation of Data
The data obtained from the study was subjected to appropriate statistical analysis (SPSS 11.0 version). Values are given as means and standard deviation. Pearson's Correlation coefficient was used to assess the relationship between anthropometric parameters, body composition and nutrient intake. All the data was approximately interpreted and is presented in the next section of the study.
Results and Discussion
General Background Information of Subjects
The data revealed that among 63 subjects selected for the study, 21 per cent belonged to nine years and ten years, 30 per cent belong to eleven years and 28 per cent FoodSci:Indian Journal of Research in Food Science and Nutrition belonged to twelve years of age. Overall, 62 per cent of the subjects were boys and were 38 per cent girls. On studying the education of head of the family nearly half of them were graduates and one third had education up to the Diploma or Intermediate level.
Approximately, three fourth of the subjects belonged to upper middle class and 11 percent belonged to lower middle class. A vast majority of the subjects belonged to nuclear family (84 per cent) and only 16 per cent belonged to joint family. Majority of the subjects were Hindus (83 per cent), 14 per cent and three per cent were Christians and Muslims respectively.
Anthropometric Characteristics of Subjects
Anthropometric parameters of the subjects namely height, weight, body mass index, mid upper arm circumference, waist and hip circumference, waist hip ratio, sum of skin folds and body fat percentage are presented in the Tables 2 to 12. On studying mean weight-for-age of boys it was observed that weight was at par with NCHS standards in the range of 87 to 104 per cent respectively. The mean weight of the subjects ranged from 89 to 113 per cent of the NCHS standard weight, with the lowest among eleven year olds and highest among the nine year olds. On studying mean height-for-age of boys it was observed that height was in par with NCHS standards in the range of 96 to 100 per cent respectively for all age groups. The mean height of the subjects ranged from 96 to 101 per cent of the NCHS standard height, with the lowest among eleven year olds and highest among the nine year olds.
Overall the height and weight profile of subjects of all age groups were in par with NCHS standards indicating no gross deficit/excess in their anthropometric parameters. The above table presents the BMI of the subjects segregated by age and gender. On studying the Body Mass Index (BMI) of the subjects it was found that there was a slight increase among the girls as compared to boys. The body mass index of the subjects was in the range of 15. A cross sectional national survey conducted by Musaiger [9] , to study the body composition of Bahraini school children aged 6-18 year found that BMI varies significantly by age and sex, the trend of increasing of BMI by age is similar, expect that sex difference is evident earlier. Girls have higher mean BMI at all ages except at ages nine and eighteen years, where the BMI is comparable in both sexes. On classifying the subjects according to BMI percentiles it was observed that 17.9 per cent of boys and 8.4 per cent of girls belong to the underweight, 10.3 per cent and 20.8 per cent of boys and girls are in overweight category respectively. The remaining had a normal BMI.
Shah et al [10] conducted a cross sectional randomized epidemiological study among children; children aged 8-12 years regarding assessment of obesity and factors affecting it. The study reported that the overall prevalence of overweight and obesity is higher in girls as compared to boys. Similar findings were observed in the present study too.
On studying the MUAC, WC, HC and WHR measurements of the subjects, it was found that there was a progressive increase from 19 to 23.3 cm, 60.5 to 72 cm, 71 to 82.2 cm and 0.85 to 0.86 respectively from nine to twelve year old subjects.
A cross sectional study conducted on Chinese school aged 6-12 year children found that waist circumference increased with age in both boys and girls. Waist circumference has been identified as a valuable predictor of CVD risk in children [11] .
A cross sectional observational study was undertaken at ICDS centres to determine their nutritional status using MUAC. Results revealed that mean MUAC among the subjects increased in all age groups [12] . The skin fold thickness measurements of subjects were taken at four sites, it was found that there was increase in value from 11.1 to 14.2 mm for Triceps and even in subscapular and suprailiac measurements increase from 8.4 to 12.9 mm and 9.2 to 12.1 mm respectively, the Biceps measurements increased in ten and twelve year old school age except in eleven year. It has been reported that skin fold thickness of school children aged 6-18 years showed a significant increase at all ages and there is good association between MUAC and SSFT with age in school children [9] . The body fat per cent of the subjects was computed using Deurenberg Equation (1991). It was evident from the table that the fat ranged from 16.4 to 19.2 per cent respectively. The least value was for the eleven year olds and the highest for the twelve year olds. 
Biochemical Data of Subjects
The Biochemical parameters namely TC, LDL, HDL, TG levels are summarized in the Table 13 .
On studying the lipid profile of the subjects it was found that the Total Cholesterol ranges from 173-190 mg/dl, Low Density lipoprotein Cholesterol level ranges from 100-112 mg/dl, High Density lipoprotein level ranges from 47-52 mg/dl, Triglyceride level ranges from 74-106mg /dl. Abnormal serum concentrations of lipids such as TC and LDL are strongly associated with early atherosclerotic lesions [13] . One of the most notable components of atherosclerotic plaque is cholesterol, both in the cells and within the matrix of the arterial tissues [5] .
Dietary Intake Pattern of Subjects
The nutrient intake pattern of the subjects namely macronutrient and fibre intake and its comparison with RDA are presented in the Table 14 . The above table summarises the nutrient intake pattern of the subjects by gender. The macronutrient intake pattern of the subjects was higher among boys than girls. Energy and carbohydrate intake were gradually escalating in boys of nine to twelve year old. It was evident from the above table that the energy intake was significantly low from the recommended intake among the subjects, with the most significant difference in ten year old subjects. Even though the energy intake of the subjects is significantly lower from the RDA, protein and fat intakes were much higher among the study subjects.
Correlation of Body Composition and Nutritional Status of Subject
On studying Pearson's correlation of anthropometric parameters with per cent body fat it was evident that there exists a positive correlation (P<.01) between all the anthropometric parameters and per cent body fat, indicating that there is an increase in the anthropometric dimensions of an individual the per cent body fat also increases proportionately.
A case study conducted on healthy Nigerian school girls aged 9-14 years, to assess their body composition found that correlation coefficients between BMI and other anthropometric variables were significant. BMI correlated more strongly with percent body fat and fat free mass (P<.05). There was a strong correlation between BMI and body weight (P<.05), sum of SFT correlated more strongly with percent body fat and fat free mass (P<.05) [14] (Table 15) . On studying, Peawrson's correlation between SSFT and anthropometric parameters, it was evident that there exists a positive correlation (P<.01) between all the anthropometric parameters indicating increased subcutaneous fat (Table 16 ). Studies conducted on Nigerian school children aged 9-14 years reported that, SFT values indicating different extents of subcutaneous fat deposition and different distribution patterns. It was observed that sum of SFT correlated highly with all the anthropometric parameters [14] . The Table 17 clearly indicates that elevation of body fat composition lowers the level of HDL cholesterol and promotes hyperinsulinemia and hyper triglyciedemia.
Pearson's correlation coefficient between per cent body fat and biochemical parameters showed a statistically significant (P<.01) correlation between serum insulin and triglycerides. This is indicative that with increase in per cent body fat there are elevations both in insulin and triglycerides. In the case of HDL cholesterol although there existed a negative correlation it was not statistically significant using both the equations. Mcardle et al equation computation had a statistically significant difference while it was not so in the case of the Deurenberg equation. On studying the Pearson's correlation coefficient between BMI and the biochemical parameters it was observed that there exist a positive correlation between insulin and triglycerides and a negative correlation with HDL cholesterol (Table 18 ). Hakeem et al [15] reported that there was an evidence that body composition in children may be more closely correlated to TC levels. BMI and blood lipid profiles are important criteria for CVD's [16] .Therefore evaluation of relationships between anthropometric parameters and lipid levels will identify the risk level for CVD in children. It was found that BMI was significantly correlated with serum TG [17] . On studying the Pearson's correlation of nutrient intake with per cent body fat and fat mass, it was found that there was no significant correlation between these parameters (Table 19) .
Studies conducted on preadolescent children aged 9-11 years examined the relationship between diet and body fatness. It was found that there was an evidence of any interaction between energy intake and per cent body fat. Also protein intake was not related to body fat. Even carbohydrate was inversely correlated. In contrary to the present study, the above study proved that total dietary fat significantly and positively correlated with per cent body fat [18] .
Conclusion
The mean values for height, weight, BMI and body composition parameters of 63 subjects were used and body fat percentage were computed using prediction equations such as Deurenberg equation (1991) and McArdle et al. equation (1986) . Computation of per cent body fat from these equations gives an insight into the body composition which can be considered an indicative predictor of lifestyle diseases.
